Background: For metastatic colorectal cancer (mCRC), a series of novel therapies has emerged during the last decade but their use in routine clinical practice and their costs are not well documented
Introduction
Colorectal Cancer (CRC) is the second most commonly reported cancer in females and the fourth most commonly reported cancer in males in Lebanon, averaging 630 cases in 2012 (1) . There are no vital statistics or information on the burden of the disease in terms of morbidity or mortality, but its incidence rate in 2015 per 100 000 population, by colon and rectum sites, was 17.6% and 7.5% respectively (2). In the Lebanese medical system, analysis of CRC is not robust and there has been a noticeable increase in risk factors such as poor diet, physical inactivity, obesity, cigarette smoking, heavy alcohol consumption, familial history and genetics. Moreover, the health financing methods are complex and vary according to socio-professional demographics (3, 4) .
Despite these problems mortality rates have declined since the 1980s. Clinical evidence suggests that advances in technology, increase in number of colonoscopy examinations, more opportunistic screening, earlier diagnosis and improved surgery, development of adjuvant chemotherapy and palliative care (5) , confer survival benefits as well as better symptom control and palliation. Cytotoxic agents are well established as clinically effective and cost-effective treatment options for metastatic colorectal cancer (mCRC). Clinical research has focused on monoclonal antibodies that selectively target receptors involved in cancer progression with many studies evaluating their efficacy (6-10).
As new treatments become available (11), there's a need to consider not only their effectiveness in clinical practice, but also their associated costs in comparison to current standard therapies. The way such novel therapies are used and positioned in daily routine practice (as well as their related effectiveness and costs) are not well documented in Lebanon. The aim of this study is to evaluate the management of patients with mCRC in two Lebanese hospitals, in particular the comparative effectiveness of cytotoxic agents and targeted therapy along with their estimated direct cost.
Methods

Study design and participants
A prospective study was conducted on a cohort of patients diagnosed with mCRC in two Lebanese oncology departments (CHU Centre Hospitalier Notre Dame de Secours, Byblos, and CHU Hotel Dieu de France, Beirut) between 1 January 2008 and 31 December 2013. Patients were classified as those treated by cytotoxic agents alone during the whole follow-up period and those treated at any time during their follow-up by chemotherapy plus monoclonal antibodies, depending on disease progression. Eligible participants were all patients with a histologically confirmed adenocarcinoma of the colorectum, with one or more metastases and no previous chemotherapy for metastatic disease. The ethic committees of the two participating centers waived the need for approval since the study was retrospective, anonymous and respected the individuals' confidentiality.
Clinical data
For each patient, data were collected for sex, age at diagnosis, date of the beginning of metastatic disease, type of cancer, histological type, KRAS (Kirsten Rat sarcoma viral oncogene) status, tumor markers, number and type of metastases, and whether it was first, second or third relapse. Patterns of care were described, type of medical management at diagnosis and after recurrence. The type of chemotherapy, RECIST (Response Evaluation Criteria In Solid Tumors) criteria, toxicities, the date of the latest news and/or death, as well as the number of lines and cycles of chemotherapy given were also reported.
KRAS assessments
The mutation status of the KRAS gene is linked to increased tumor aggressiveness, resistance to therapy and poor survival rate (12) . Detection of KRAS status has become part of the standard work-up of patients with mCRC, and tumors that harbor the mutation have been shown to be nonresponsive to anti-EGFR (Epidermal Growth Factor Receptor) therapies (Cetuximab) (4, (13) (14) (15) (16) . This test is performed in the Pathology National Institute, Beirut, Lebanon, in formalin-fixed, paraffin-embedded tissue collected from patients for whom the resected primary tumor was available and is free-of-charge, likewise the RAS test, but the BRAF test is expensive (these two tests have been performed in Lebanon since 2014).
Lines of therapy
Most patients with advanced CRC can receive multiple treatment regimens, with therapies changed when needed in order to optimize response or as a consequence of toxicity, patient preference, or disease progression. New options are chosen in a way that is complementary to the previous regimen. In order to prevent confusion, first-line therapy was defined as all chemotherapy and/or biological drugs given to a patient during the first 36 days after initiation of treatment and administered for one or more cycles. Discontinuation of a single drug from a combination regimen was not considered a change in line therapy. The addition of a new regimen or substitution of cytotoxic or a biological agent (for progression or relapse) was considered a new line of therapy.
Costs
Estimating the cost of CRC treatments in Lebanon is very difficult, mainly due to differences in coverage systems (Ministry of Health, National Social Security Funds, Lebanese Army, private patients, insurances etc.), and changes in prices between 2008 and 2013. Cost analysis was performed under the Lebanese Sickness Fund perspective using tariffs from 2013 in US dollars without any discount rate applied and included:
Direct costs, as defined as chemotherapy medications (and biotherapy), costs per treatment cycle and total costs per patient. We did not include the cost of administration, supportive medications, physician consultations or treatment of complications. Chemotherapy treatment doses were given proportionally to body surface area.
Indirect costs (transportation costs, surgery, imaging tests) have not been taken into account due to difficulties in accessing administrative medical records.
We assessed the episodes of care costs in the period considered (protocols and lines during hospitalizations and at home). The unit costs from 2013 were obtained from the cost accounting system of the two hospitals regardless of the coverage system of each patient. Cost values in this year were considered to be representative of the study period. Assigning the same year-specific cost unit to each healthcare service, any differences in cost over time would reflect changes in resource utilization and not in price deviations arising from pharmaceutical companies' policies or different production structures over the study period. Taking into account the date of each care episode and service, monthly costs were assessed (cost histories), and the year of diagnosis was considered the baseline year (Year 0).
Long-term or lifetime costs are defined as the cumulative cost from the date of diagnosis to the date of death, but in long-term cost estimations some patients are not actually followed until their death, therefore these cost histories are censored (13, [17] [18] [19] . However, this introduces a problem; total cost is underestimated when based on the full sample of censored and non-censored cases, since patients who withdraw from the study, or who remain alive at the end of the follow-up period, will continue to incur costs after the study is over. On the other hand, if long-term cost is only estimated for patients with uncensored costs, the estimator is biased towards patients with shorter survival times because longer survival times are more likely to be censored. Therefore, censored data can lead to biased estimates if the appropriate analysis techniques are not used.
Effectiveness was evaluated by overall survival (OS) corresponding to the mean time from diagnosis to death (or date of last follow-up at time of data collection). Primary endpoints were overall survival (OS), progression free survival (PFS), RECIST, progression of the disease (PD) or tumor response rate (TRR), response rate (RR), disease control rate (DCR) and costs.
Tumor assessments
Therapy response in solid tumors was assessed by measuring change in tumor size. RECIST is a standard measurement method that evaluates response to therapy by computed tomographic scans (CT) (13, [17] [18] 20) . However CT scans do not permit characterization of tumor heterogeneity and its change over time. CT measurements are dependent on the expertise of the observer and discrepancies among observers have been described to be as high as 15 to 40% (19) (20) . Baseline tumor response was assessed every two cycles (6 weeks) according to RECIST version 1.1 (21) (22) ) and all patients were monitored every three months for a minimum of two years.
Definition of endpoints
In this study, the following definitions were used to assess therapeutic effectiveness: PFS is defined as the time from randomization until objective tumor progression or death from any cause, and censoring patients who are lost to follow-up; PFS1 is the period from the first enrollment to the confirmation of PD , death or last follow up, whichever occurred first; PFS2 is the period from the first PD, where mostly biological agents were started, to the confirmation of secondary PD or death; PFS3 is the period from the second confirmation of PD to the third PD or death, where a third line (or salvage) therapy was used; time to tumor progression (TTP) is the period from the date of enrollment until the date of discontinuation of treatment or the date of PD confirmation (it does not count patients who die from other causes); overall response rate (ORR) is the sum of partial responses plus complete responses and is a direct measure of drug antitumor activity (direct therapeutic effect); and disease control rate (or rate of non-progression) is classified as complete response, partial response, or stable disease.
Statistical analysis
Categorical variables were presented as counts and percentages and compared using Pearson's chi-squared test or Fisher's exact test, as appropriate. Quantitative variables were presented as mean ± standard deviation and compared using Student's t-test. Time since diagnosis was used as time variable. We compared patients' characteristics between groups, progression according to lines used and their relative costs.
In order to compare the effect of therapies (cytotoxic vs target + cytotoxic) on survival, a Cox proportional hazards regression was conducted to assess independent predictors of time to death after colorectal cancer. Patients were reported alive or dead at the end of their follow-up time. Variables associated to the time to death in the bivariate analysis (P < 0.2), were included in the multivariate model. Hazard ratios (HR) with 95% confidence intervals (CI) were reported.
Each variable was used as a time-dependent covariate in a cox bivariate regression to evaluate the proportional hazards assumption, which was subsequently confirmed and we compared the overall effect of both groups on survival. We subsequently conducted a sensitivity analysis between every line of treatment and its association with survival. Survival curves were then plotted to show differences in survival for each type of treatment. In addition, the response scores (RECIST) were divided into dichotomous variables (progression vs non-progression, partial or complete response) to study the effect of treatment (cytotoxic vs target) on disease progression (RECIST 1, 2 and 3). For this purpose, a logistic regression was conducted for each RECIST, taking into consideration variables found to be associated with the dependent variable in the bivariate analysis (P < 0.2). Analyses were performed using SPSS software, version 20.0 (IBM Corp., Armonk, NY, USA) and a P-value less than 0.05 was deemed statistically significant.
Results
Study process and termination
A total of 179 patients were enrolled between January 2008 and December 2013. Mean age at diagnosis was 60.5 (± 13.2) years and 57.5% were males. The final follow-up of the study was on 30 December 2014 (the median follow up time was 31 months). The details of the baseline patient demographics and clinical characteristics are shown in Table 1 .
Treatments
Among the 179 patients diagnosed with mCRC, as first-line treatment 48 patients were provided chemotherapy alone while 131 patients received chemotherapy plus targeted therapy. After disease progression, and regardless of what regimen was used, 171 (95.5%) went on to receive second-line treatment and 99 (55.3%) received third-line treatment. Table 2 shows that targeted therapy was mostly added to treat aggressive disease (14 vs 86%, 58 vs 42%, 89 vs 11%; P < 0.001) in association to cytotoxic conventional treatment.
Bevacizumab was mostly added to fluorouracil-based regimens in the first-line setting and beyond progression (13.0%, 47.3% and 84.4%; line 1 to 3 respectively) whereas Cetuximab was only restricted to patients whose KRAS status was performed and showed a non-mutant gene (1.1%, 9.4% and 15.6%; line 1 to 3 respectively) ( Table 2 ) .
Clinical effectiveness and survival
Adding targeted therapy to conventional treatment did not improve the response rate in patients presenting progression of the disease ( Table 3 ) , with 17% in the cytotoxic group vs 16% in the targeted + cytotoxic group (P > 0.05); 57 vs 11% (P < 0.05) and 18 vs 14% (P > 0.05) from line 1 to 3 respectively; whereas the disease control rate was improved in the third line therapy (61% in the cytotoxic group vs 56% in the targeted + cytotoxic group, but the difference was not statistically significant). In addition, the PD (or TTP) was higher in cytotoxic + targeted group in lines 1 and 2 (40 vs 44% and 29 vs 46%), but decreased in line 3 (82 vs 67%); however, the difference was not statistically significant with a higher cost (min. = $127 184; max. = $304 086)
The median PFS was 35 months in the first line cytotoxic group and 31 months in the cytotoxic + targeted group, (P = 0.01) whereas in the second and third line, it was 37 months vs 34.8 months (P = 0.99) and 27 months vs 34.2 months (P = 0.37) respectively ( Table 3 ) . KRAS gene status was evaluated in 120 tumors; 58 samples were excluded because of lack of samples or inappropriate consent. An activating KRAS mutation was found in 27 tumors (15.1%), nine patients (33.3%) with KRAS mutation were still alive whereas in wild KRAS patients (n = 93, 52%), 39 (41.9%) stayed alive (P = 0.001). The response rate was significantly lower in those with KRAS mutations than in those with wild-type KRAS tumors (6% vs 28%, P = 0.01)
The number of metastases at the time of diagnoses and recurrence greatly influenced the response to treatment and consequently the rate of survival. Eighty-six (48%) patients had ≥ 2 metastases, of whom 32 (37.2%) responded to treatment, whereas for patients having only one metastatic site (n = 92, 52%), the response to treatment was 54.3%.(P = 0.044). Overall response rate was inferior in patients having ≥ 2 metastases than in patients with only one metastasis (18% vs 47%, P = 0.004).
Survival results
The Kaplan-Meier survival curve of the mCRC cohort is displayed in Figure 1 . The median of survival in the whole population was 20.8 months (625 days) (CI 95% = 10.7-30.9 months); 49.7% were still alive at the end of the study. Survival analysis revealed that the addition of targeted therapy failed to improve mCRC patients' survival (P < 0.002).
Adjusted survival analysis
In the multivariate model adjusted for age, number of metastases and toxicities, only toxicities were found to be an independent predictor of the time to death ( No difference was observed when comparing cytotoxic group patients (Group A) to cytotoxic-targeted group patients (Group B) (P = 0.379). In the sensitivity analysis between the three lines of treatment, a slightly positive result was observed for Group B vs Group A for time to death in lines two and three, but the difference was not statistically significant. Thus, survival analysis revealed that the addition of targeted therapy failed to improve mCRC patients' survival (  Figure 2 ).
Treatment and RECIST
In the multivariate models adjusted for the number of metastases (≥ 2 metastases vs 1 metastasis), toxicities (grades 2 and 4) and markers (increase in CEA and/or Ca19.9), the association between treatment (cytotoxic or cytotoxic+targeted) and RECIST (progression vs no progression) was not statistically significant in all three lines of therapy ( Table 5 , Table 6 , Ta ble 7 ). We did not include "KRAS mutations" in the multivariate models because of the high number of missing values (58 missing).
Colorectal cancer treatment costs
The corresponding costs of cytotoxic and targeted drugs are shown in Table 8 , Table 9a and  Table 9b . The corresponding total costs for all lines combined are as follows: cytotoxic group = $22 255 (P < 0.05), cytotoxic associated to targeted therapy = $80 395 (P = 0.001) and global total cost = $64 805 (P = 0.000), respectively (min. = $127 184; max. = $304 086). As shown in the Box-Plot diagram (  Figure 3 ), the addition of targeted therapy to conventional treatment demonstrates an approximate fourfold increase in expense.
Discussion
According to the current available literature, this is the first study to estimate the real costs (cost of the disease) of chemotherapy associated to biotherapy for mCRC from the perspective of the Lebanese public health system, using accurate cost-related data. Few studies have evaluated general costs of specific treatments for cancer in high-income countries (19, (23) (24) (25) . Most studies on treatment costs of mCRC compared the costs of XELOX with FOLFOX-6 regimens, since it is suggested that both therapies are similar in terms of efficacy and safety. A cost-minimization study conducted in Australia has demonstrated that the use of XELOX in first line and second line treatment for mCRC reduced the average cost by $9110 and $7113 respectively, as compared with mFOLFOX (26) . From the French health insurance perspective, when compared with mFOLFOX-6, XELOX resulted in lower costs related to drug acquisition and shorter hospitalizations per patient (23-24).
With the exception of 5-FU and irinotecan, these drugs are very expensive and the cost implications of these promising medications are the subject of significant debate (8) (9) (10) (26) (27) (28) . There are limited data in the published literature regarding the cost effectiveness of treatments for patients with mCRC. Hillner used data from the multicenter study NCCTG 9741 to compare treatment with FOLFIRI to FOLFOX and found that the 4.4 month median survival benefit of the FOLFOX arm was accompanied by an incremental cost of $29 953, resulting in an incremental cost effectiveness ratio (ICER) of $80 410 per life year gained (11, 29) . Starling examined the role of cetuximab and irinotecan compared to best supportive care from the perspective of the United Kingdom National Health Service and found an ICER of GBP£42 975 per life year gained (17, 21) . To our knowledge, there has not been a comprehensive cost effectiveness analysis that includes multiple lines of therapy.
Despite recent advances in early detection and therapeutic intervention, CRC remains one of the most deadly cancers in Lebanon. While surgical removal leads to high cure rates of localized disease, mCRC is typically associated with a poor prognosis with the majority of patients dying within two years from diagnosis, resulting in a five-year survival rate of only 12.8% (13-15, 19,23,30 ). Therapeutic options currently available rely on three cytotoxic chemotherapies, fluoropyrimidine (5-FU, capecitabine) (16, (24) (25) 27, (31) (32) , oxaliplatin, and irinotecan (28, 33) , and recently on the monoclonal antibodies cetuximab (second line setting) or bevacizumab (first line treatments and after progression) depending on the KRAS mutation (26,29-30,34-36).
The choice of initial therapy should be tailored to individual needs of the patients, to toxicity profiles of each regimen and to the potential impact of initial therapy on later phases of the treatment. The central goal is to optimize survival, time without toxicity from chemotherapy, and quality of life. The National Cancer treatment guidelines, published by the Lebanese Ministry of Health, define the most recent protocols to be adopted taking in consideration of ASCO (American Society of Clinical Oncology) and ESMO (European Society for Medical Oncology) results. The intensification of the treatment (tri-therapy, with or without monoclonal antibodies) is reserved for resectable CRC patients and the adjunction of bevacizumab was validated in Lebanon, since 2006 and after 2012, beyond progression with a significant improvement in OS. However, the drug's high cost and non-availability (difficulties in reimbursement), make it indicated only in aggressive disease as first-line setting, and is mostly used in second/third-line treatment as maintenance therapy to prevent relapses.
Although patients ≥ 65 years of age represent the majority of patients with mCRC (35,37), the mean age at diagnosis in this study was 60.5 years, which might be due to the young age of the cohort (range 26-89 years). Median OS was reported in the study as 20.8 months, which was inferior to that reported by Saltz et al. (2008) , and Crystal, Tree and Cremolini et al. (2015), where OS after the administration of targeted therapy was significantly increased (from 24 months to 30 months) (22,38).
Survival increases as patients with mCRC are exposed to all available agents, but this benefit comes at high cost, which exceeds commonly accepted cost-effectiveness thresholds (24) . Furthermore, our estimates only include drug costs, representing a conservative estimate of total treatment expense. Patients who are treated with 5FU/LV, oxaliplatin, irinotecan or with monoclonal antibodies have longer survival compared to 5FU/LV alone but higher costs. These results are similar to an analysis of salvage chemotherapy in platinum refractory ovarian cancer, which found that second-line monotherapy came at an ICER of $57 000/DLY, but the benefits of second-line doublet therapy and third-line monotherapy came at unacceptably high incremental cost (25). Whether the benefits are worth the costs clearly depends on the stakeholder; patients with advanced cancer may perceive greater value than healthy patients, policymakers, insurers, and physicians (8) (9) (27) (28) .
This study comprehensively analyzed clinical effectiveness and associated medical costs with the use of chemotherapy alone or chemotherapy + targeted agents in patients with mCRC. We found that the healthcare costs of CRC treatment increased significantly with advanced disease, especially for the second-line setting, which is most likely attributable to the use of new drug regimens and protocols ( Table 4 ) . Our goal was not to compare "competing" regimens such as FOLFOX and FOLFIRI, which are both acceptable first-line treatment strategies (27) , but instead to study the impact of sequential progress (new chemotherapy and antibodies) on the overall cost of managing mCRC. We found that similar treatment sequences had similar life expectancies, suggesting that the costs are not affected by the sequence in which the drugs are used, but rather the effectiveness of the overall treatment strategy.
At the present time, patients with mCRC are typically treated with a first-line chemotherapy regimen that is continued until documented disease recurrence. Upon progression, patients are switched to a regimen with demonstrated activity on refractory disease. This pattern of treatment continues until patients show progression of their disease and then are switched to non-cross resistant therapy. The last therapies can be changed until all five classes of active agents have been tried.
In patients who were previously treated with the same chemotherapy regimen (first-line included), the addition of targeted therapy to this regimen allowed a response rate of 14% (vs 18%), a disease control rate of 33% (vs 18%) and a stabilization of 19% (vs 0%), suggesting that molecular therapy may circumvent resistance to conventional chemotherapy by allowing a more efficient delivery of chemotherapeutic agents. Tumor vasculature is structurally and functionally abnormal, which results in a heterogeneity in tumor blood flow with interstitial hypertension, hypoxia and acidosis. Hypoxia could therefore make tumor cells resistant to several cytotoxic drugs by interfering with the penetration of these drugs throughout the tumor (34,39). This phenomenon was not observed when cetuximab (anti-EGFR antibody) was added to bevacizumab and chemotherapy; on the contrary, it had a possible deleterious effect (31) (32) (33) (40) (41) (42) (43) (44) . This study also found that patients, specifically the elderly with more than one metastatic site, had higher costs while patients with only one progression or only one line of therapy had lower costs. It was also noticed that patients with comprehensive insurance (health maintenance organizations and indemnity insurance plans) had lower costs than non-insured participants. The oncological treatment for metastatic disease in 2014 is less toxic and more effective but more expensive (because of the use of monoclonal antibodies). The addition of multiple lines of protocols, mainly targeted and biological agents, to the backbone of chemotherapy, allows better OS and PFS (49).
Limitations
The sample size in this study is too small to make any definitive recommendations or suggest a change in practice guidelines, therefore collaboration with other cancer centers across the country and generate more data could be subjected to pre-defined rigorous statistical analysis. In addition, official Lebanese tariffs for the year 2013 were the only ones considered. Concerning the screening, there was no National CRC screening strategy or education awareness programme; the screening with fecal occult blood testing is rarely practiced and gastroenterologists recommend and perform screening colonoscopy on an erratic and opportunistic basis.
Many other variables (not found to be significantly associated to death or RECIST in our study such as mutations, histology, differentiation, treatment duration, and types of metastases) may influence time to death or disease progression, but we could not add them in the analysis because of large number of missing values. Differing organization of health systems and different practice patterns and settings made the transferability of country specific results not always possible, so further studies specific to Lebanon are needed.
All drugs are given intravenously in fixed vial sizes, and the total wastage of all drugs that remained in vials at the end of the infusion for each patient was not assumed. Our analysis did not consider indirect costs such as work loss resulting from chemotherapy, tax payer's perspective or direct costs such as transportation to the hospital.
Despite the limitations of this cohort study, the results are useful in presenting the pattern of care of patients with CRC in a real-life perspective. This approach may be complementary to results from clinical trials since it is more representative of routine clinical practices. This type of study may also represent useful information within the scope of medical-decision making.
Conclusion
This study is, to our knowledge, the first to investigate the real costs of healthcare in patients with a diagnosis of mCRC and receiving systemic therapy (chemotherapy or biotherapy), considering both costs per treatment cycle and total costs per patient based on the Lebanese perspective of the situation. Moreover, it should be standard practice to discuss the option of chemotherapy with patients while outlining the potential toxicities. Analysis of the cost-effectiveness of treatments, including financial and physical costs of toxicities, is becoming increasingly important and strategies to optimize this are vital. We need to balance efficacy of treatment, costs involved with the short-and long-terms toxicities to create a truly Lebanese standard of care for adjuvant colon cancer.
